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DOUHDG\SURSRVHGWKHPHWDOH[FKDQJHG]HROLWHVPDLQO\LURQDQGFRSSHUH[FKDQJHG]HROLWHVDUHJDLQLQJ
LQFUHDVLQJDWWHQWLRQGXH WR WKHLUKLJKGH12[SHUIRUPDQFHRYHUDEURDGUDQJHRIRSHUDWLQJFRQGLWLRQVDV
ZHOO DV WKHLU VLJQLILFDQW UHVLVWDQFH WRZDUGV K\GURWKHUPDO DJHLQJ >@1+6&5RYHUPHWDOH[FKDQJHG
]HROLWHVLVGHSLFWHGE\DFRPSOLFDWHGUHDFWLRQPHFKDQLVPLQFOXGLQJWKHIRUPDWLRQDQGGHFRPSRVLWLRQRI
DG12[VSHFLHV HJQLWUDWHDQGQLWULWHDGVSHFLHV WKDW IXUWKHU UHDFWZLWK1+12DQG12\LHOGLQJ1
DQG+2>@
7KHVWRUDJHDQGUHOHDVHRI1+LVRQHRIWKHPDMRUUHDFWLRQVRIWKH6&5SURFHVVGLUHFWO\DIIHFWLQJWKH
FDWDO\VW
VGH12[HIILFLHQF\HVSHFLDOO\GXULQJ WUDQVLHQWRSHUDWLRQ>@7KHSHUIRUPDQFHRI6&5FDWDO\WLF
FRQYHUWHUV LV VWURQJO\ GHSHQGHQW RQ WKH 1+DYDLODELOLW\ DV ZHOO DV WKH1+ LQKLELWLQJ HIIHFW >@1+
VWRUDJHRYHUEDUHDQGPHWDOH[FKDQJHG]HROLWHVLVREVHUYHGRYHUGLIIHUHQWW\SHVRIVXUIDFHVLWHVLQFOXGLQJ
ZHDNVLWHVIRUSK\VLVRUSWLRQDFLGLFVLWHVDQGPHWDOOLFVLWHV3K\VLVRUSWLRQLVUHODWHGWRK\GURJHQERQGHG
DPPRQLD>@5HJDUGLQJFDWDO\VWDFLGLW\/HZLVDQG%U¡QVWHGDFLGLFVLWHVZHUHH[SHULPHQWDOO\LGHQWLILHG
>@ 0RUHRYHU WKH DFLGLW\ VWUHQJWK LV EHOLHYHG WR EH QRQXQLIRUP ZKLFK UHVXOWV LQ D GLVWLQFWLRQ
EHWZHHQVWURQJHUDQGZHDNHUDFLGLF VLWHVGLVWULEXWHGRQ WKHFDWDO\WLF VXUIDFH >@)LQDOO\ DV IDUDV WKH
PHWDOVLWHVDUHFRQFHUQHGYDULRXVPHWDOVSHFLHVDUHLGHQWLILHG5HJDUGLQJ)H]HROLWHVPDLQO\)HFDWLRQV
)H2[VSHFLHVDQG)H2FOXVWHUVZHUH LGHQWLILHG>@6LPLODUREVHUYDWLRQVKDYHEHHQUHSRUWHGRYHU&X
]HROLWHVZKHUH&X&X&X2DQG&X2&XVSHFLHVH[LVW>@
7KHNLQHWLFPRGHOLQJRIWKHDPPRQLDVWRUDJHRQ]HROLWHEDVHGFDWDO\VWVLVUHSRUWHGLQVHYHUDOVWXGLHV
7KH DSSURDFKHV SURSRVHG YDU\ UDQJLQJ IURP GHWDLOHG >@ WR VHPLJOREDO NLQHWLF PRGHOV >@ ,Q WKH
SUHVHQW ZRUN ZH DLP WR JHW PRUH LQVLJKW LQWR WKH 1+ VWRUDJH RQ )H DQG &X]HROLWHV E\ H[DPLQLQJ
GLIIHUHQWPRGHOLQJDSSURDFKHV7DNLQJ LQWRFRQVLGHUDWLRQ WKH LQWHUDFWLRQRI1+ZLWKVXUIDFHVSHFLHVD
VLQJOH DQG DPXOWLVLWH DSSURDFK UHSRUWHG LQ OLWHUDWXUH ZHUH DGRSWHG DQG LQWHJUDWHG LQ WKH VLPXODWLRQ
HQYLURQPHQW /06,PDJLQH/DE $0(6LP 7KH LQWHJUDWLRQ RI WKHVH PRGHOV ZDV VXFFHVVIXOO\ YDOLGDWHG
WKURXJKWKHUHSURGXFWLRQRIH[SHULPHQWDOUHVXOWVSXEOLVKHGLQOLWHUDWXUH*DLQLQJFRQILGHQFHWRZDUGVWKH
WZRDSSURDFKHVZHKDYHFRPSDUHGWKHUHVSHFWLYHUHVXOWVVRDVWRKLJKOLJKWDGYDQWDJHVDQGOLPLWDWLRQV
0RGHOLQJ
7KHUHDFWRUPRGHO
$PRGHORIDKRQH\FRPEW\SHFDWDO\WLFFRQYHUWHUZDVGHYHORSHGDFFRUGLQJWRZKLFKWKHPRQROLWKLV
FRQVLGHUHGDVDVHULHVRIFRQWLQXRXVO\VWLUUHGWDQNUHDFWRUV(DFKFRPSRQHQWLVPRGHOHGRQWKHEDVLVRIDQ
HTXLYDOHQWFKDQQHOZKHUHWKHPRPHQWXPKHDWDQGPDVVEDODQFHVDUHVROYHG
*DVYHORFLW\LVFRPSXWHGDVVKRZQLQHTXDWLRQWDNLQJLQWRDFFRXQWWKHSUHVVXUHGURSWKURXJKWKH
FDWDO\VW ǻ3 LQ 1P WKH FKDQQHO ZLGWK GZ LQ P WKH JDV G\QDPLF YLVFRVLW\ ȝ LQ 1āVP DQG WKH
PRQROLWKOHQJWK/PRQRLQP

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
7KHKHDWEDODQFH LQ WKHJDVSKDVH LV JHQHUDOO\EDVHGRQ WKHVW ODZRI WKHUPRG\QDPLFVZKHUHKHDW
WUDQVIHUGXHWRFRQYHFWLRQEHWZHHQJDVDQGVROLGSKDVHLVWDNHQLQWRFRQVLGHUDWLRQ4FRQYLQ-&RQFHUQLQJ
WKHQRPHQFODWXUH VKRZQ LQ HTXDWLRQ PL NJ [L IUDFWLRQ KL -NJ DQGXL -NJ VWDQG IRU WKH LWK
VSHFLHVPDVVPDVV IUDFWLRQ VSHFLILF HQWKDOS\ DQG LQWHUQDO HQHUJ\ UHVSHFWLYHO\ZKHUHDVPJ NJ9PL[W
PDQG3J3DDFFRXQWIRUPL[WXUHPDVVYROXPHDQGSUHVVXUHUHVSHFWLYHO\
5HJDUGLQJ WKH KHDW EDODQFH LQ WKH VROLG SKDVH FRQYHFWLYH KHDW H[FKDQJH LVPRGHOHG E\PHDQV RI D
FRQYHFWLRQFRHIILFLHQWKV :Pā.ZKHUHDVKHDW UHOHDVHGXH WRUHDFWLRQVRI LVSHFLHV LVFDSWXUHGYLDD
FKHPLFDOVRXUFHWHUP LZ PROVǻKLDQG0LFRUUHVSRQGWRWKHLWKVSHFLHVVSHFLILFHQWKDOS\RIIRUPDWLRQ
LQ -NJ DQG WKHPROHFXODUZHLJKW NJPRO UHVSHFWLYHO\0RUHRYHU ȡV&SV DQG9V VWDQG IRUPRQROLWK
GHQVLW\NJPKHDWFDSDFLW\-NJā.DQGYROXPHPUHVSHFWLYHO\)LQDOO\KHDWFRQGXFWLRQZLWKLQWKH
PRQROLWK LQ WKH D[LDO GLUHFWLRQ DV ZHOO DV KHDW H[FKDQJH EHWZHHQ WKH PRQROLWK DQG WKH DPELHQW DUH
QHJOHFWHG
5HJDUGLQJ WKHPDVV EDODQFH GLIIXVLRQ RI VSHFLHV EHWZHHQ WKH JDV DQG WKH VROLG SKDVH LV WDNHQ LQWR
DFFRXQW &JL &VL PROP VWDQG IRU WKH LWKVSHFLHV FRQFHQWUDWLRQ LQ JDV DQG VROLG SKDVH *DV
DFFXPXODWLRQ LQ WKH UHDFWRU LV QHJOHFWHG 7KH JRYHUQLQJ HTXDWLRQ VKRZQ LQ HTXDWLRQ  LQFOXGHV WKH
PDVV WUDQVIHU FRHIILFLHQW NPL PV ZKLFK LV FRPSXWHG WKURXJK WKH 6KHUZRRG QXPEHU DQG LWKVSHFLHV
GLIIXVLYLW\)LQDOO\VPVWDQGVIRUWKHUDWLREHWZHHQWKHFDWDO\VWJHRPHWULFDOVXUIDFHDUHDDQGYROXPH

 

7KH FXUUHQW UHDFWRUPRGHO LV DOVR DGDSWDEOH WR IL[HGEHG UHDFWRUV DQGKDV DOUHDG\EHHQ VXFFHVVIXOO\
XWLOL]HGIRUNLQHWLFPRGHOLQJ>@
7KHNLQHWLFPRGHO
7KHVLQJOHVLWHDSSURDFK

7KHVLQJOHVLWHDSSURDFKLVUHSRUWHGLQDVWXG\RI2OVVRQHWDO>@ZKHUHDPPRQLDVWRUDJHLVPRGHOHG
RYHUDJOREDOVLQJOHVXUIDFHVLWH7KHUHDFWLRQUDWHH[SUHVVLRQVRIERWKDGVRUSWLRQDQGGHVRUSWLRQVWHSVDUH
EDVHGRQWKHPHDQILHOGDSSUR[LPDWLRQ7KHUHDFWLRQUDWHRIDGVRUSWLRQLVJLYHQLQHTXDWLRQ

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ZKHUH&1+LV WKH1+JDVHRXVFRQFHQWUDWLRQLQPROPDQGșLV WKHSHUFHQWDJHRIWKHRFFXSLHGVXUIDFH
VLWHV 7KH UHDFWLRQ UDWH FRQVWDQW RI DGVRUSWLRQ NDGV LV FDOFXODWHG EDVHG RQ DQ$UUKHQLXV H[SUHVVLRQ DV
IROORZV


$DGV DFFRXQWV IRU WKH DGVRUSWLRQ SUHH[SRQHQWLDO IDFWRU LQ PPROāV DQG (DGV IRU WKH UHVSHFWLYH
DFWLYDWLRQ HQHUJ\ LQ -PRO 5 VWDQGV IRU WKH LGHDO JDV FRQVWDQW  -PROā. DQG 7V IRU WKH
WHPSHUDWXUHRIWKHVROLGSKDVHLQ.
7KHUHDFWLRQUDWHRIGHVRUSWLRQLVJLYHQLQHTXDWLRQ7KHUHVSHFWLYHUHDFWLRQUDWHFRQVWDQWNGHVLV
GHWHUPLQHGE\D7HPNLQH[SUHVVLRQHTXDWLRQZKHUHWKHDFWLYDWLRQHQHUJ\(GHVLVVXUIDFHFRYHUDJH
GHSHQGHQWHTXDWLRQ


(R VWDQGV IRU WKHDFWLYDWLRQHQHUJ\RIGHVRUSWLRQZKHQ WKH VXUIDFHFRYHUDJHHTXDOV WR]HUR/DVWĮLV D
FRQVWDQWDVVRFLDWHGZLWKWKHGHSHQGHQFHRIWKHDFWLYDWLRQHQHUJ\RIGHVRUSWLRQIURPWKHVXUIDFHFRYHUDJH
UHIOHFWLQJUHSXOVLYHLQWHUDFWLRQEHWZHHQDGVRUEHGPROHFXOHV
7KHPXOWLVLWHDSSURDFK
7KHPXOWLVLWHDSSURDFKZDVSUHYLRXVO\GHVFULEHGE\6M·YDOOHWDO>@ZKRPRGHOHG WKHVWRUDJHRI
1+RQD&X]HROLWHXVLQJIRXUGLIIHUHQWVXUIDFH VLWHV7KHSURSRVHGVXUIDFHVLWHV LQFOXGHDPHWDOVLWH
FDOOHG6DZKHUHDVLQJOHPROHFXOHRI1+FDQEHDGVRUEHGDVHFRQGPHWDOVLWHFDOOHG6EZKHUHXS
WRWKUHHPROHFXOHVRIDPPRQLDFDQEHVWRUHGDQDFLGLFVLWHFDOOHG6DQGDVLWHIRUSK\VLVRUSWLRQFDOOHG
67KHPDWKHPDWLFDOIRUPXODWLRQRIWKHUHDFWLRQUDWHH[SUHVVLRQVLVWKHVDPHDVWKDWHVWDEOLVKHGIRUWKH
VLQJOHVLWHDSSURDFKHTXDWLRQWRHTXDWLRQ,QWKLVFDVHWKHDERYHPHQWLRQHGVHWRIHTXDWLRQVKDV
WREHDSSOLHGIRUPRGHOLQJWKHVWRUDJHDQGUHOHDVHRIDPPRQLDRQHDFKVXUIDFHVLWH
5HVXOWV
6LPXODWLRQ
7KH VLPXODWLRQV SUHVHQWHG LQ WKH KHUHLQ ZRUN ZHUH SHUIRUPHG XVLQJ WKH VLPXODWLRQ SODWIRUP
/06,PDJLQH/DE $0(6LP >@ ,QLWLDOO\ ERWK NLQHWLF PRGHOV RI 1+ VWRUDJH ZHUH LQWHJUDWHG LQ D
VSHFLILF FRPSRQHQW 6&5 FRPSRQHQW RI WKH ,)3([KDXVW OLEUDU\ ZKLFK LV RULHQWHG WR HQJLQH DIWHU
WUHDWPHQW DSSOLFDWLRQV 7KH 6&5 FRPSRQHQW FDQ EH FRQQHFWHG WR RWKHU FRPSRQHQWV LQFOXGHG LQ RWKHU
 
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OLEUDULHV ,)3(QJLQH DQG ,)3'ULYH OLEUDULHV HQDEOLQJ D YHKLFOH VLPXODWLRQ 7KH PRQROLWKLF UHDFWRU
PRGHODQGWKHUHVSHFWLYHNLQHWLFPRGHOVDUHWKHQFRPSLOHGWRJHWKHULQDVLQJOHFRPSRQHQWZKLFKVWDQGV
IRU WKH6&5FDWDO\WLFFRQYHUWHU)RUVLPXODWLRQSXUSRVHVYDULRXVFRPSRQHQWVDUHXVHGZKLFKUHSUHVHQW
WKHLQLWLDODQGERXQGDU\FRQGLWLRQVRIWKHVLPXODWLRQUHVXOWLQJLQWKHVNHWFKLOOXVWUDWHGLQ)LJ
,QRUGHU WRYDOLGDWHHDFKRI WKHPRGHOLQJDSSURDFKHVSURSRVHGZHKDYH UHSURGXFHG1+DGVRUSWLRQ
DQGGHVRUSWLRQ WHVWV UHSRUWHGLQ OLWHUDWXUH$OO WKHDVVXPSWLRQVSURSRVHGE\ WKHUHVSHFWLYHDXWKRUVZHUH
WDNHQLQWRDFFRXQW>@1DPHO\XUHDK\GURO\VLVLVDVVXPHGWREHFRPSOHWHDQGDPPRQLDLVGLUHFWO\
LQMHFWHGLQWRWKHPRQROLWK0RUHRYHUWKHHQWKDOSLHVRIWKHUHDFWLRQVDVZHOODVPDVVWUDQVIHUOLPLWDWLRQV
ZLWKLQ WKH VROLGSKDVHZHUH QHJOHFWHG)LQDOO\ DOO RI WKH SDUDPHWHUV UHTXLUHG IRU WKH FDOLEUDWLRQRI WKH
UHDFWRUVDQGWKHNLQHWLFPRGHOZHUHH[WUDFWHGIURPWKHFRUUHVSRQGLQJUHIHUHQFHV>@
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9DOLGDWLRQRIWKHNLQHWLFPRGHOV
7KH LQWHJUDWLRQ RI WKH VLQJOH VLWH DSSURDFK ZDV YDOLGDWHG WKURXJK DQ DPPRQLD DGVRUSWLRQ DQG
GHVRUSWLRQH[SHULPHQWUHSRUWHGHOVHZKHUH>@%ULHIO\JRI&X=60&X$O ZHUHH[SRVHGWR
SSPY1+YRO+2GLOXWHGLQ$UIRUPLQDW&7KHQWKHVDPSOHZDVSXUJHGZLWK$U
IRUKDW&VRDV WR UHPRYHSK\VLVRUEHGDPPRQLD)LQDOO\D WHPSHUDWXUHSURJUDPPHGGHVRUSWLRQ
73'LQ$UZDVSHUIRUPHGDWDUDWHRI&PLQXSWR&7KHUHVXOWVDUHVKRZQLQ)LJ$VFDQ
EHVHHQIURPWKHILJXUHWKHUHVXOWVRI2OVVRQHWDOZHUHVXFFHVVIXOO\PRGHOHGXVLQJ$0(6LPZKHUHDV
WKH VLQJOH VLWH NLQHWLF PRGHO LWVHOI FRXOG DOVR VXIILFLHQWO\ GHVFULEH ERWK WKH DGVRUSWLRQ DQG GHVRUSWLRQ
VWHSV

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










)LJ9DOLGDWLRQRIWKH1+DGVRUSWLRQDQG73'WHVWUHSRUWHGLQ>@ƑH[SHULPHQWDOUHVXOWVņFRPSXWHGUHVXOWVREWDLQHGE\
$0(6LPîFRPSXWHGUHVXOWVREWDLQHGE\2OVVRQHWDOņLQOHWWHPSHUDWXUH
5HJDUGLQJ WKH YDOLGDWLRQ RI WKH FRXSOLQJ RI WKH PXOWLVLWH PRGHO ZLWK $0(6LP DQRWKHU 1+
DGVRUSWLRQ DQG GHVRUSWLRQ WHVW ZDV FKRVHQ SUHVHQWHG LQ >@ $ VDPSOH RI &X=60  J DQG
&X$O ZDVXVHG$PL[WXUHRISSPY1+YRO+2DQG$ULQEDODQFHZDVLQMHFWHGIRU
PLQDW&$PPRQLDDQGZDWHUZHUHWKHQWHUPLQDWHGDQGWKHVDPSOHZDVVXEVHTXHQWO\IOXVKHGZLWK
$U IRUPLQDW&7KHQD73'H[SHULPHQWZDVSHUIRUPHGXS WR&DSSO\LQJD WHPSHUDWXUH
UDPS RI &PLQ 7KH UHVSHFWLYH UHVXOWV DUH VKRZQ LQ )LJ  7KH VXUIDFH FRYHUDJH RYHU HDFK VLWH
FRPSXWHGE\$0(6LPDQG6M|YDOO HW DO LV LOOXVWUDWHG LQ)LJ7KH UHVXOWV VKRZ WKDWERWK WKH UHDFWRU
PRGHODQGWKHPXOWLVLWHNLQHWLFPRGHOLQWHJUDWHGLQ$0(6LPFRXOGVXFFHVVIXOO\UHSURGXFHWKHUHVXOWV
RI 6M|YDO HW DO 2YHUDOO WKH PXOWLVLWH DSSURDFK FRXOG FDSWXUH WKH HYROXWLRQ RI WKH 1+ JDVHRXV
FRQFHQWUDWLRQGXULQJWKH1+VWRUDJHDQGUHOHDVHHTXDOO\ZHOO
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







)LJ9DOLGDWLRQRIWKH1+DGVRUSWLRQDQG73'WHVWUHSRUWHGLQ>@ƑH[SHULPHQWDOUHVXOWVņFRPSXWHGUHVXOWVREWDLQHGE\
$0(6LPîFRPSXWHGUHVXOWVREWDLQHGE\6M·YDOOHWDOņLQOHWWHPSHUDWXUH













)LJ(YROXWLRQRIWKHVXUIDFHFRYHUDJHRYHUHDFKVXUIDFHVLWHGXULQJWKH1+DGVRUSWLRQDQG73'WHVWUHSRUWHGLQ>@V\PEROV
VWDQGIRUFRPSXWHGUHVXOWVREWDLQHGE\6M|YDOOHWDODQGOLQHVIRUH[SHULPHQWDOUHVXOWVREWDLQHGE\$0(6LP
(YDOXDWLRQRIWKHWHVWHGDSSURDFKHV
,QRUGHUWRFRPSDUHWKHWZRDSSURDFKHVZHKDYHVLPXODWHGWKH1+DGVRUSWLRQDQG73'WHVWUHSRUWHG
LQ>@XVLQJWKHVLQJOHDQGWKHPXOWLVLWHNLQHWLFPRGHO,Q)LJDWKH73'VLJQDOVREWDLQHGE\HDFK
PRGHO DUH SUHVHQWHG $V FDQ EH REVHUYHG ERWK DSSURDFKHV FDQ ILW WKH H[SHULPHQWDO FXUYH FRUUHFWO\
'HYLDWLRQVEHWZHHQH[SHULPHQWDODQGFRPSXWHGUHVXOWVIRUHDFKDSSURDFKFDQEHGHGXFHGIURP)LJE
ZKHUHWKHFRPSXWHGFXPXODWLYHDPRXQWRIGHVRUEHG1+LVSUHVHQWHG7KHVLQJOHVLWHPRGHOSURGXFHVD
EURDG GHVRUSWLRQ SHDN FHQWHUHG DURXQG & 2Q WKH RWKHU KDQG WKH PXOWLVLWH PRGHO
V RXWSXW
FRUUHVSRQGV WR D 73' VLJQDO FRPSRVHG RI DW OHDVW WZR GLVWLQFW SHDNV FHQWHUHG DW  DQG &
UHVSHFWLYHO\7KLVUHDVRQDEOHEHKDYLRXULVDWWULEXWHGWRWKHGLIIHUHQWVXUIDFHVLWHVXVHGDQGFRQVHTXHQWO\
WR WKHGLIIHUHQW FRUUHVSRQGLQJ DFWLYDWLRQ HQHUJLHVRI GHVRUSWLRQ$QDO\]LQJ WKHYDOXHVRI WKH DFWLYDWLRQ
HQHUJ\XVHGLQWKHPRGHOZHFDQFRQFOXGHWKDWWKHORZWHPSHUDWXUHSHDNLVPDLQO\DVVLJQHGWRWKHUHOHDVH
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RIZHDNO\ DGVRUEHG1+ZKHUHDV WKHKLJK WHPSHUDWXUHSHDN WR1+GHVRUEHG IURP VWURQJHU VLWHV HJ
DFLGLFDQGRUPHWDOOLFRQHV5HJDUGLQJ WKHH[SHULPHQWDO73'VLJQDO DW OHDVW WZRGHVRUSWLRQSHDNVDUH
GLVWLQJXLVKDEOHFHQWUHGDWFDDQG&(DFKRIWKHPLVDVVLJQHGWR1+GHVRUEHGIURPGLIIHUHQW
VXUIDFHVLWHV>@7KHUHIRUHZHFDQFRQFOXGHWKDWWKHPXOWLVLWHDSSURDFKLVPRUHSUHFLVHWKDQWKHVLQJOH
VLWHRQH WRZDUGV WKHPRGHOOLQJRI WKH1+VWRUDJHRYHU&X]HROLWHV+RZHYHU LWKDV WREHVWUHVVHGRXW
WKDW WKH FRPSOH[LW\ RI WKLV DSSURDFK QDPHO\ WKH FDOLEUDWLRQ RI NLQHWLF SDUDPHWHUV FRXOG EH TXLWH DQ
LPSRUWDQWOLPLWDWLRQ

D

E
)LJ(YDOXDWLRQRIWKHVLQJOHDQGWKHPXOWLVLWHDSSURDFKIRUWKH1+VWRUDJHRYHUD&X]HROLWHUHSRUWHGLQ>@&RPSDULVRQ
EHWZHHQWKHFRPSXWHGD73'VLJQDODQGEFXPXODWLYHDPRXQWRIGHVRUEHG1+REWDLQHGE\WKHVLQJOHVLWHDQGWKHPXOWLVLWH
PRGHO
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6LPLODU UHVXOWVKDYHEHHQUHSRUWHGIRU)H]HROLWHV>@ ,QRUGHU WR WHVW WKHFRQVLVWHQF\RIVLQJOHVLWH
DQGPXOWLVLWHPRGHOVRQ)H]HROLWHVZHKDYHDSSOLHGWKHPIRUWKHVLPXODWLRQRID73'WHVWRYHUD)H
]HROLWHUHSRUWHGHOVHZKHUH>@%ULHIO\YRO1+LQLQHUWDWPRVSKHUHZDVDGVRUEHGRQPJRI
)H=60DWURRPWHPSHUDWXUHIRUK7KHQD73'ZDVSHUIRUPHGZLWKDKHDWLQJUDWHRI&PLQXSWR
&XQGHU+H7KHILWWLQJRIWKHH[SHULPHQWDO73'VLJQDOZDVSHUIRUPHGE\UHFDOLEUDWLQJWKHPXOWL
VLWH PRGHO VHFWLRQ  ([SHULPHQWDO SHDNV VKRZQ LQ )LJ  D ZHUH VLPXODWHG WKURXJK VLWHV
FRUUHVSRQGLQJ WR GLIIHUHQW DFWLYDWLRQ HQHUJLHV 7KH UHVXOWV SUHVHQWHG LQ WKLV ILJXUH FRQILUP WKDW ERWK
DSSURDFKHV DUH DSSURSULDWH IRU WKH PRGHOLQJ RI 1+ VWRUDJH RYHU )H]HROLWHV ZLWK WKH PXOWLVLWH RQH
EHLQJ TXDQWLWDWLYHO\ PRUH SUHFLVH )LJ  E 7KH PXOWLVLWH PRGHO LV FDSDEOH RI SURGXFLQJ GLIIHUHQW
GHVRUSWLRQSHDNVFRUUHVSRQGLQJWRGLIIHUHQWWHPSHUDWXUHVUHVXOWLQJLQDPRUHDFFXUDWHRYHUDOOVLPXODWLRQ
(YHQ WRXJK WKH UHVXOWV RI WKHPXOWLVLWH DSSURDFK RYHU WKH WHVWHG )H]HROLWH DUH TXLWH VDWLVIDFWRU\ WKH
PRGHOVKRXOGEH IXUWKHU WHVWHGXQGHUGLIIHUHQWRSHUDWLQJFRQGLWLRQV LQRUGHU WRHQVXUH WKHPHWKRGRORJ\
UREXVWQHVV'HWDLOHGLQYHVWLJDWLRQWRZDUGVWKHPRGHOLQJRI1+VWRUDJHRYHU)H]HROLWHVLVRQJRLQJLQRXU
WHDPDGHWDLOHGVWXG\RIWKHPRGHOLQJRI1+VWRUDJHRYHU)H=60LVXQGHUSXEOLFDWLRQ

D

E
)LJ (YDOXDWLRQRI WKH VLQJOH DQG WKHPXOWLVLWH DSSURDFK IRU WKH1+ VWRUDJHRYHU D)H]HROLWH UHSRUWHG LQ >@&RPSDULVRQ
EHWZHHQ WKH FRPSXWHG D 73' VLJQDO DQGE FXPXODWLYH DPRXQW RI GHVRUEHG1+ REWDLQHGE\ WKH VLQJOHVLWH DQG WKHPXOWLVLWH
PRGHO

'LVFXVVLRQDQG2XWORRN
7KHVWRUDJHDQGUHOHDVHRI1+RYHU)HDQG&X]HROLWHVZDVLQYHVWLJDWHGE\PHDQVRIPRGHOLQJDQG
VLPXODWLRQ7DNLQJLQWRDFFRXQWWKDWDPPRQLDLVDGVRUEHGRQYDULRXVVXUIDFHVLWHVZHKDYHIRFXVHGRQ
WKH DSSOLFDWLRQRI NLQHWLFPRGHOV WKDW FRXOG LQFOXGH WKH UHVSHFWLYHSKHQRPHQD7ZR UHOHYDQWPRGHOLQJ
DSSURDFKHVZHUH IRXQG LQ OLWHUDWXUH WKH VLQJOHVLWHPRGHO DQG WKHPXOWLVLWHPRGHO%RWKPRGHOVZHUH
LQWHJUDWHGLQWKHVLPXODWLRQSODWIRUP$0(6LPDQGZHUHYDOLGDWHGE\VLPXODWLQJH[SHULPHQWVUHSRUWHGLQ
OLWHUDWXUH 5HSURGXFLQJ WKHVH WHVWV VXFFHVVIXOO\ ZH JDLQHG FRQILGHQFH LQ ERWK NLQHWLF PRGHOV
&RQVHTXHQWO\ZHFRPSDUHGWKHPGXULQJ1+DGVRUSWLRQDQGGHVRUSWLRQH[SHULPHQWVRYHUD&XDQGD)H
]HROLWH2YHUDOO ERWK DSSURDFKHV FRXOG FDSWXUH WKH1+73'VLJQDO VXIILFLHQWO\ DFFXUDWHO\7KH VLQJOH
VLWHPRGHOHYHQWKRXJKLWLVJOREDOFRXOGUHSURGXFHWKH73'FXUYHFRUUHFWO\E\DEURDGGHVRUSWLRQSHDN
2Q WKH RWKHU KDQG WKH PXOWLVLWH PRGHO SURGXFHG WZR GLVWLQFW GHVRUSWLRQ SHDNV DW ORZ DQG KLJK
WHPSHUDWXUHV UHVSHFWLYHO\ GXH WR WKH DSSOLFDWLRQ RI VHYHUDO VXUIDFH VLWHV DYDLODEOH IRU WKH VWRUDJH DQG
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UHOHDVH RI 1+ 7KH ODWWHU LV LQ VRPHZKDW EHWWHU DJUHHPHQW ZLWK WKH H[SHULPHQWDO UHVXOWV ZKHUH WZR
GHVRUSWLRQSHDNVDUHDOVRREVHUYHG
(YDOXDWLQJ WKH VLQJOHVLWH PRGHO WKH VLPSOLFLW\ RI WKH NLQHWLF PRGHO
V IRUPXODWLRQ DV ZHOO DV WKH
SDUDPHWHUFDOLEUDWLRQDUH WREHKLJKOLJKWHG+RZHYHU WKH VLPXODWLRQVVKRZWKDW WKHPRGHOFDQSURGXFH
VXIILFLHQWEXWTXLWH URXJKUHVXOWV VLQFH WKH VLQJOHEURDGSHDN LVQRW UHSUHVHQWDWLYHRI WKHDFWXDOVXUIDFH
SKHQRPHQDVWRUDJHDQGUHOHDVHRYHUGLIIHUHQWVLWHV,QFRQWUDVWWKHPXOWLVLWHPRGHOFRQVWLWXWHVDPRUH
SUHFLVH SKHQRPHQRORJLFDO DSSURDFK DFFRXQWLQJ IRU WKH LQWHUDFWLRQV EHWZHHQ 1+ DQG YDULRXV VXUIDFH
VSHFLHV+RZHYHUZHKDYHWRVWUHVVRXWWKDW WKHVHWXSDVZHOODVWKHFDOLEUDWLRQRIWKHPXOWLVLWHPRGHO
VKRXOGEHSHUIRUPHGFDUHIXOO\6LQFHWKHDFWLYDWLRQHQHUJLHVRI1+GHVRUSWLRQUHIOHFWWKH1+GHVRSUWLRQ
SURFHVVRYHUGLIIHUHQWVXUIDFHVLWHVWKHVDPSOH
VVXUIDFHFKDUDFWHUL]DWLRQLVUHTXLUHG7KXVZHVXJJHVWWKDW
WKHODWWHUPRGHOVKRXOGEHDSSOLHGRQO\ZKHQLWVFDOLEUDWLRQFDQEHSHUIRUPHGE\H[SHULPHQWDOUHVXOWVHJ
73'WHVWV)7,5VSHFWURVFRS\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